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a  b  s  t  r  a  c  t
Objective: To present the preliminary results from treating patients with Legg-Calvé-Perthes
Disease (LCPD) by means of hip arthrodiastasis using a monolateral external ﬁxator applied
to  the hip and to succinctly describe the surgical technique used, in a prospective study.
Methods: Prospective study on 18 patients with LCPD who underwent surgical treatment by
means of the hip arthrodiastasis technique using a monolateral external ﬁxator. There were
13  male and ﬁve female patients of mean age 8.5 years, ranging from ﬁve to 13 years. All the
patients presented unilateral hip impairment: nine on the right side and nine on the left.
The results were evaluated at maturity using clinical and radiological criteria.
Results: All the patients evolved with improvement of joint mobility, and pain relief was
achieved in 88.9% of them. Reossiﬁcation of the femoral epiphysis occurred within the ﬁrst
three months of the treatment. The hips operated at the necrosis stage of the disease did
not  passed through the fragmentation stage, thus shortening the evolution of the disease.
The  results were 77.8% satisfactory and 22.2% unsatisfactory.
Conclusion: Hip arthrodiastasis with a monolateral external ﬁxator during the active phase
of  LCPD improved the degree of joint mobility. Use of the arthrodiastasis technique at
the necrosis stage or at the fragmentation stage (active phase of the disease) presented
satisfactory results from treatment of LCPD.©  2015 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
 Study conducted at the Discipline of Pediatric, Department of Orthopedy and Traumatology, Faculdade de Medicina, Universidade de
ão  Paulo, São Paulo, SP, Brazil.
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Experiência  inicial  com  o  uso  de  ﬁxador  externo  articulado  no  tratamento







r  e  s  u  m  o
Objetivo: Apresentar os resultados preliminares do tratamento da DLCP com o uso de
artrodiástase com ﬁxador externo monolateral aplicado ao quadril e descrever sucintamente
a  técnica operatória usada em um estudo prospectivo.
Métodos: Estudo prospectivo de 18 pacientes com DLCP submetidos ao tratamento oper-
atório  com a técnica de artrodiástase do quadril por meio de ﬁxador externo unilateral. São
13  pacientes do gênero masculino e cinco do feminino com idade média de 8,5 anos com
variac¸ão de cinco a 13 anos. Todos os pacientes com acometimento unilateral do quadril,
nove à direita e nove à esquerda. A avaliac¸ão dos resultados foi feita na maturidade e
considerou critérios clínicos e radiográﬁcos.
Resultados: Todos os pacientes evoluíram com melhoria da mobilidade articular com alívio
da  dor obtido em 88,9% dos pacientes. A reossiﬁcac¸ão da epíﬁse femoral ocorreu nos
primeiros três meses do tratamento. Os quadris operados na fase de necrose não passaram
pela  fase de fragmentac¸ão e abreviaram o tempo de evoluc¸ão da doenc¸a. Os resultados foram
77,8% satisfatórios e 22,2% insatisfatórios.
Conclusões: A artrodiástase do quadril com ﬁxador externo monolateral na fase ativa da
DLCP melhora o grau de mobilidade articular. O emprego da técnica de artrodiástase nas
fases de necrose e fragmentac¸ão (fase ativa da doenc¸a) apresenta resultados satisfatórios
no  tratamento da DLCP.
© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este e´ um artigo Open Access sob uma licenc¸a CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
A childhood hip disorder was described simultaneously in
1910 by Legg (United States), Calvé (France), and Perthes (Ger-
many) as an obscure alteration, pseudocoxalgia, and juvenile
deforming arthritis, which characterize the picture known
today as Legg-Calve-Perthes disease (LCPD).1
The disease is self-limiting, originated by ischemia of the
femoral head in varying grades, leading to bone necrosis.
The etiology is still unknown, although several hypotheses
that attempt to explain the deﬁciency in blood supply of the
femoral head have been raised.2
There are various degrees of avascular necrosis in LCPD,
which depend mainly on the extent of the injury. The presence
of new episodes of ischemia, likely to occur during the course
of the disease, may result in a femoral head with different
stages of self-repair.3
Initially, necrosis affects the epiphyseal tissue and give rise
to newly  formed bone tissue. The hyaline cartilage becomes
relatively thickened, as it continues to receive normal nutri-
tion from the synovial ﬂuid and maintains the spherical shape
of the femoral head.4
In the second stage of the disease, there is fragmenta-
tion of the femoral head, followed by resorption and bone
replacement, which lasts from one to three years. In this
stage, there is a spread of necrotic tissue by vascularized
connective tissue; resorption and necrosis when replacement
by immature bone tissue takes place. The epiphysis losesheight due to the collapse of the trabecular bone and the
absorption of fragmented bone. In moderate and severe cases,
metaphyseal changes in the femoral neck take place.
The third stage of the disease, the repairing stage, is charac-
terized by the replacement of necrotic and immature bone by
mature bone tissue. The histopathological pattern observed
in this stage ranges from areas without bone infarction to
femoral heads with several areas of necrotic and mature bone.
The child with LCPD feels pain in the hip and/or knee and
decreased joint range of motion, primarily in the internal rota-
tion and hip abduction movements.
Radiographic examination in LCPD is characterized by
three signs: ﬁrst is the shrinking of the ossiﬁcation nucleus of
the femoral head, with widening of the joint space; second is a
subchondral fracture (Caffey’s sign), which, according to Salter
and Thompson,3 marks the beginning of the clinical symp-
toms and is considered, depending on its length, a prognostic
factor for disease; third sign is the increase of the radiopacity
of the femoral head, characterizing avascular necrosis. From
that moment on, the repair process produces heterogeneous
images, depending on the areas of revascularization and new
necrosis outbreaks.
The objectives of orthopedic LCPD treatment are pain
relief, the containment of the femoral head in the acetabu-
lum, and the recovery of joint range of motion in the affected
hip. Treatment methods commonly used to achieve these
targets are traction, load restriction, tenomyotomy, abduction
orthosis, and osteotomies at both the proximal femur and the
acetabulum.













































Table 1 – Pediatric Orthopaedic Society of North-America
(POSNA) assessment system.12
Result Center-edge angle Mose circles
Good >20◦ 0
Fair 15–19◦ 2r e v b r a s o r t o p . 2
Treatment results are inﬂuenced by many  factors; main
nes are age at onset, maintenance of the joint mobility, and
egree of hip involvement.
The long-term follow-up of patients treated in this hospi-
al – with abduction devices, femoral and iliac osteotomies,
r cheilectomy – has indicated a tendency toward remod-
ling, with alterations in the sphericity of the femoral
ead.5–7
The treatment of LCPD has as its basic principle the pro-
ection of the proximal femoral epiphysis. The idea of a
reatment method that allows centering of the femoral head
nd provides protection against mechanical body load and
gainst the action of pelvitrochanteric muscles is attrac-
ive.
In this article, the authors present the preliminary results
f LCPD treatment with the use of unilateral external ﬁxator
hrough arthrodiastasis, aiming to create negative pressure
n the femoral head and preserving the joint space, in an
ttempt to decrease the harmful effects of subchondral frac-
ures and destruction of the trabecular bone of the femoral
ead.
aterial  and  methods
his prospective study reports the initial experience with 18
atients with LCPD submitted to surgery with the hip arthro-
iastasis technique through the use of a unilateral external
xator.
This study was approved by the Scientiﬁc Committee and
esearch Ethics Committee of our institution (Document No.
01/95).
Thirteen males and ﬁve females, with a mean of 8.5 years
f age (range: 5–13 years), were included.
All patients had unilateral hip involvement: nine at the left
nd nine at the right side.
Patients were classiﬁed according to the radiographic crite-
ia developed by Catterall8 and by Herring et al.9
Results were assessed considering clinical and radio-
raphic criteria. As clinical criteria, the response of patients
n relation to pain control in the hip joint of the affected side
ere assessed, as well as joint range of motion and general
egree of movement  of the hip: external and internal rotation,
bduction and adduction, ﬂexion and extension.
Radiographic evaluation included the initial Catterall8 and
erring et al.9 classiﬁcation, as well as the classiﬁcation for the
nal results proposed by Stulberg et al.10 at skeletal maturity of
he hip region. The center-edge (CE) angle of the acetabulum
as also measured. The sphericity of the femoral head was
ssessed according to the Mose11 method, and the indexes
nd epiphyseal quotient were measured. The extent of hip
ubluxation was also assessed.
The system proposed by the Pediatric Orthopaedic Society
f North America (POSNA),12 shown in Table 1, was used for
he evaluation of postoperative results of patients.nclusion  criteria
atients of both genders, with the diagnostic of LCPD, with
nilateral hip disease presenting restriction of the affectedPoor <15◦ >2
joint movements, and pain during activities of daily living
were included. Types III or IV in the Catterall8 classiﬁcation
and with two or more  “radiographic risk signs”; types B or C in
the classiﬁcation by Herring et al.9; patients in the early stages
of radiographic condition, i.e.,  condensation or fragmentation,
which characterizes the “active” stage of the disease were
included.
Exclusion  criteria
Patients with bilateral involvement of the hips and whose
radiographic examination presented initial subluxation above
50% of the femoral head circumference measured by the Dick-
ens and Menelaus13 method, as well as patients in the stage
of femoral head remodeling according to radiographic analy-
sis.
Statistical  analysis
Descriptive statistics of quantitative ordinal parameters of
age, time of usage of the external ﬁxator, follow-up time, and
range of motion (external and internal rotation, abduction and
adduction, ﬂexion and extension) were calculated: mean (M),
standard deviation (SD), standard error of the mean (SEM),
maximum (Max) and minimum values (Min), and the number
of cases (N). In the comparison of two groups of depend-
ent paired ordinal parameters, the paired t-test was used,
in case of parametric distributions, and the Wilcoxon test,
in case of non-parametric distributions. Mann–Whitney’s U
test was used for independent non-parametric samples. Abso-
lute and relative frequency distribution (%) was calculated
to describe normal distributions (qualitative). Comparisons
between nominal distributions were made using Fisher’s exact
test.
The signiﬁcance level of 5% (  ˛ = 0.05) was adopted. Signiﬁ-
cant results (differences) were highlighted by asterisks.
Surgical  technique
Indications for surgical treatment with hip arthrodiastasis
through external ﬁxation in LCPD were as follows:
1) Pain, even in the lowest degree;
2) Decrease in the degree of mobility of the affected joint;
3) Catterall groups III or IV;
4) At least two radiographic signs of “head at risk”;
5) Less than 50% subluxation of the femoral head.The patient is operated using a conventional ﬂuoroscopic
table to allow image  intensiﬁer assistance. Percutaneous
tenotomy of the hip adductors was routinely performed.
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Fig. 1 – Illustration of the position of the external ﬁxator.
Two to three Schanz screws posteriorly and inferiorly.
(Impolﬁx®, Impol, São Paulo, Brazil).
Source:  Department of Orthopedics and Traumatology,
Fig. 3 – Illustration of the position of the external ﬁxator
(Impolﬁx®, Impol, São Paulo, Brazil) and how
arthrodiastasis is performed.
Source: Department of Orthopedics and Traumatology,
FMUSP.FMUSP.
A unilateral, articulated external ﬁxator (Impolﬁx®, Impol, São
Paulo, Brazil) was used. The external ﬁxator is applied with a
couple of Schanz screws positioned in the acetabular region
and another couple of Schanz screws in the diaphyseal zone
of the femur.
Joint diastasis is applied during surgery aiming to correct
Shenton’s line under ﬂuoroscopic control.
Figs. 1–4 illustrate the main steps for positioning the uni-
lateral external ﬁxator.
Fig. 2 – Illustration of the position of the external ﬁxator
from the rotation center of the femoral head (arrow).
(Impolﬁx®, Impol, São Paulo, Brazil).
Source:  Department of Orthopedics and Traumatology,
FMUSP.Postoperative
If hip diastasis is not achieved through surgery, it can be slowly
progressed during postoperative period of 10–15 days. Weekly
dressings are used in the areas of cutaneous emergence of
the Schanz screws. Control X-rays are performed at four-week




The assessment of age, sex (male and female), and the affected
side (right or left) of the patients is shown in Table 2. Table 3
presents the pre- and postoperative clinical analysis of the
degree of hip amplitude.
Radiographic  analysisPreoperative results (initial) according to Catterall and Herring
classiﬁcations are shown in Table 4.
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Fig. 4 – Photograph of the ideal positioning of monolateral external ﬁxator (Impolﬁx®, Impol, São Paulo, Brazil).
Source: Department of Orthopedics and Traumatology, FMUSP.
a
a
aTables 5–7 present the studies comparing the outcomes
fter surgery for POSNA criteria and the following factors: sex,
ge, and ﬁnal result.
Figs. 5–8 show the evolution of a patient operated at 7 years
nd 4 months and the progress two years after surgery.
Table 2 – Presentation of patients according to age
(years), sex, and affected side.
Order Age (years) Sex Side
1 8 M R
2 12 M L
3 9 M L
4 9 F L
5 9 M L
6 13 M R
7 6 F R
8 9 M R
9 8 M L
10 10 M L
11 7 M R
12 8 M L
13 9 M L
14 10 M R
15 7 F R
16 9 F R
17 5 F R
18 5 M L
M, males (13); F, females (5); R, right (9); L, left (9).
Age – mean of 8.5 years; <7 years = 16.7%; >7 years = 83.3%.Discussion
LCPD is a self-limiting condition caused by ischemia and vary-
ing degrees of femoral head necrosis. The cause of ischemia
is currently unknown; many  hypotheses are suggested, but
there is still no complete proof. Currently, the most accepted
theories are delay in skeletal development, microtrauma, and
vascular alterations.14
According to Bensahel,15 the highest frequency of LCPD
is observed in the range of 4–8 years; it is an rare diagnosis
outside the age range of 2–10 years. In the present study, the
mean age at disease onset was 8.5 years, ranging from 5 to
13. This group of patients can be considered a poor prognostic
risk group, as age at disease onset is one of the factors that
most inﬂuence outcomes.16–18
The present study included patients classiﬁed as Catterall
types III and IV,  which are the two groups with worst prog-
nosis. Furthermore, patients had at least two  radiographic
signs of “head at risk.” Considering the limitation of (mean)
movement  amplitude of the affected hip, the need for surgi-
cal treatment indication for the group of patients studied was
proven.
In the surgical treatment of LCPD, varization osteotomies
of the femur or the iliac bone (acetabulum) are the sur-
gical treatment modalities most used to achieve femoral
head containment. The literature review retrieved studies
that showed no signiﬁcant difference between both types of
osteotomy.19,20
The maintenance of movement  while the joint is sub-
jected to a traction force with external ﬁxator was described
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Table 3 – Degree of range of motion of the hip, pre- and postoperative, with statistical analysis.
Amplitude (◦) Preoperative Postoperative Comparison
Abduction 20.6 ± 11.49 (2.71) 40.3 ± 9.1 (2.1) Wilcoxon Tc = 34
To = 0
Adduction 16.9 ± 5.18 (1.22) 20.8 ± 4.62 (1.09) Wilcoxon Tc = 2
To = 0
Flexion 92.2 ± 0.17 (0.04) 115.5 ± 11.99 (2.83) tPAIRED
t = 4.73 p = 0.0002
Extension 16.4 ± 2.87 (0.68) 19.2 ± 2.57 (0.61) tPAIRED
t = 4.61 p = 0.0002
External rotation 16.9 ± 11.65 (2.75) 37.5 ± 11.41 (2.69) Wilcoxon Tc = 40
To = 1
Internal rotation 9.3 ± 9.54 (2.25) 25.6 ± 12.23 (2.88) Wilcoxon Tc = 29
To = 1
Tc, critical T; To, T obtained.
Fig. 5 – Male patient, 7 years and 4 months, Catterall III.  Preoperative image.Fig. 6 – Patient from Fig. 1, at one and two months 
Table 4 – LCPD staging and frequency distribution of the
results according to the Catterall and Herring
classiﬁcations.
Classiﬁcation Catterall Herring
III – 7 (38.9%) A – 1 (5.6%)
IV – 11 (61.1%) B – 12 (66.7%)
C – 5 (27.8%)
Total 18 (100%) 18 (100%)postoperatively. Newly growing tissue (arrow).
by Volkov and Oganesian.21 The use of an external ﬁxator
to promote the maintenance of the joint space, utilized in
various joints such as knee, elbow, hip, and ankle, has also
been described for various orthopedic conditions, such as
trauma and sequelae, septic arthritis, tuberculosis, epiphys-
iolysis, chondrolysis, and LCDP.21–25 According to van Valburg
et al.,26 the maintenance of the joint space provided by the
external ﬁxator, even after a short period of treatment, indi-
cates some joint repair, an important factor for obtaining
clinical improvement of the patient.
The hip arthrodiastasis generated by LCPD enables the
maintenance of the joint space, a optimal situation for
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Table 5 – Frequency distribution of the postoperative
results in the POSNA classiﬁcation of according to sex.
Comparison by Fisher’s exact test (  ˛ = 0.05).
POSNA
Sex Satisfactory Unsatisfactory Total
Male 11 (61.1%) 2 (11.1%) 13 (72.2%)
Female 3 (17.7%) 2 (11.2%) 5 (27.8%)
Total 14 (77.8%) 4 (22.2%) 18 (100%)
Fisher p = 0.30.
Table 6 – Frequency distribution of the postoperative
results in the POSNA classiﬁcation of according to age
range. Comparison by Fisher’s exact test (  ˛ = 0.05).
POSNA
Age range (years) Satisfactory Unsatisfactory Total
<7 2 (11.1%) 1 (5.5%) 3 (16.7%)
≥7 12 (66.7%) 3 (16.7%) 15 (83.3%)
Total 18 (100%) 4 (22.2%) 18 (100%)
Fisher p = 0.30.
Table 7 – Frequency distribution of the postoperative
results in the POSNA classiﬁcation.






Fig. 7 – Patient from Fig. 1, at three months postoperatively.Unsatisfactory 4 22.2
Total 18 100.0
reatment. The ischemic femoral head is subjected to pres-
ure overload even when the patient is at rest, due to the
ction of the muscles. The idea of achieving neutralization
f the muscle strength and of the weight force acting on the
Fig. 8 – Patient from Fig. 1, at tReossiﬁcation of the femoral head.
femoral head, which increases the joint space, creating a situa-
tion in which the articular cartilage can regenerate after injury,
is very attractive. Adding movement  to the method allows
for an improvement in synovial ﬂuid circulation and conse-
quent improvement of articular cartilage nutrition, giving the
method very useful mechanical and biological characteristics
for the treatment of LCPD. Moreover, this technique preserves
the articular surface and protects the epiphysis from forces
acting on the hip; it also reduces the risk of ﬂattening of the
head and collapse of the newly formed vessels. According to
Stulberg,10 decreased joint space is the factor that shows the
greatest association with clinical long-term results in LCPD.
During the natural course of LCPD, the hip undergoes the
phases of synovitis, necrosis, and remodeling4; arthrodiasta-
sis was used on hips in the necrosis or fragmentation stages
(“active” stages of the disease). A fast revascularization of
the femoral epiphysis was observed in an interval of one to
three months (Figs. 5–8). When hips were treated in the necro-
sis stage, regeneration occurred without the fragmentation
wo years postoperatively.




















2344  r e v b r a s o r t o 
phase. This phenomenon is consistent with that described by
Volpon et al.27
All modalities of treatment for LCPD are based in mechan-
ical concepts. Arthrodiastasis offers a biological concept
beyond the mechanical concept of anatomical joint centraliza-
tion and mechanical load protection imposed on the joint.28–30
According to the concepts of Ilizarov,31 arthrodiastasis induces
angiogenesis around the entire joint. It is important to note
that, under the inﬂuence of mechanical traction-load offered
by arthrodiastasis, active histogenesis occurs not only in the
bone, but also in the regional soft tissues; yet, according to
Ilizarov, the process of tissue formation and growth in an adult
organism has many  features in common with tissue forma-
tion during the embryonic and immediate postnatal periods.
Figs. 6 and 7 present an example of this type of tissue forma-
tion.
The preliminary satisfactory results of treatment with
arthrodiastasis obtained in 77.8% of patients can be consid-
ered as overall “good,” thus accrediting the technique as an
effective LCPD treatment method.
The authors agree with Kucukkaya et al.32 that arthrodi-
astasis is a good operative treatment technique for patients
aged above 6 years and considered as having poor prognosis
in the criteria set forth by Catterall. Moreover, the process of
reossiﬁcation/remodeling of the femoral head appears to be
shortened by arthrodiastasis of the affected hip.
Conclusion
Hip arthrodiastasis with unilateral external ﬁxator in the
active stages of LCPD improves the degree of joint mobility.
The use of the arthrodiastasis technique in the necrosis and
fragmentation stages (active stages of the disease) presents
satisfactory results in the treatment of LCPD.
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